↑What is "already known" in this topic: While there is no single standard method for diagnosing Ulcerative Colitis (UC) and Crohn's Disease (CD), ultrasonography (US) has been described as a non-invasive, less costly and efficient method that can be used for diagnosis and follow up of patients with IBD.
Introduction
Inflammatory Bowel Disease (IBD) is a chronic and relapsing intestinal disorder mediated by the immune sys- 2 tem. Two main subtypes of IBD are Ulcerative Colitis (UC), an inflammatory mucosal disease, frequently involving the rectum and extending proximally, that can involve the entire colon, and Crohn's Disease (CD), a transmural inflammation of gastrointestinal (GI) mucosa, involving any part of it from oral cavity to anus (1, 2) . Differentiating between these two conditions is an important issue for choosing the appropriate medical treatment, determination the time of surgery and estimating prognosis (3) . Involvement of any part of the GI tract other than colon and/or fistula formation defines Crohn's disease. Inflammation of colon per se can be seen in both UC and CD. Some colonoscopic findings such as linear ulcers, cobblestone and skip lesions are suggestive of CD, but these findings are not pathognomonic and not seen commonly. Biopsy during colonoscopy only defines Crohn's disease in a small number of cases, and most of the times, it is non-diagnostic. However, multiple biopsies from different locations are recommended to increase the diagnostic accuracy. There is no single standard method for diagnosing CD, and change in diagnosis of UC during the first year occurs in about 5% of cases (4, 5) .
Endoscopic Ultrasonography (EUS) is a modality to differentiate different layers of the gastrointestinal wall (6, 7) . Recently, this tool has been used to assess the activity of IBD, fistulae, abscesses, and regional lymphadenopathies (8) (9) (10) (11) . Nonetheless, its accuracy compared to colonoscopy in differentiating UC and CD needs to be studied. Therefore, we performed this study to evaluate the sensitivity, specificity of EUS compared to standard diagnostic tests (Colonoscopy, pathology, imaging, and clinical presentation), and its accuracy to differentiate CD and UC.
Methods

Study population
This is a prospective, single-blinded diagnostic accuracy study approved by the Institutional Ethics Committee of Tehran University of Medical Sciences (TUMS). The study was performed between 2016-2017 in Imam Khomeini Hospital, Tehran, Iran. Patients were selected using a simple sampling method. UC group consisted of 30 patients, 18 (60%) male, with mean age of 36.2±10.97 (24-64) years and the CD group included 30 patients with Crohn's disease (CD), 13(43.3%) male patients with a mean age of 34.36±8.13 . Ten healthy people including 6(60%) male patients, with a mean age of 41.4±11.51 (29-62) years were selected as the control group. After obtaining informed consent, patients underwent a complete workup including history and physical examination, clinical assessment of disease activity indexes by means of Crohn's Disease Activity Index (CDAI) and UC Mayo Score, measuring inflammatory markers including erythrocyte sedimentation rate (ESR), Creactive protein (CRP), and calprotectin. Patients who were diagnosed to have IBD by a gastroenterologist using standard diagnostic methods (colonoscopy, pathology, imaging, clinical presentation, and inflammatory markers) and healthy controls without IBD were referred to an endosonographist who was blind to the diagnosis.
Primary Endpoints
The primary endpoint of this study was to assess sensitivity and specificity of EUS to differentiate UC from CD in contrast to standard diagnostic tests (Colonoscopy, Pathology, imaging and clinical presentation) by means of sigmoid colon wall layers thickness.
Diagnosis criteria & Disease Severity Assessment
To assess disease activity and severity of UC, we used Mayo disease activity score, which is a combined endoscopic and clinical score (consisting of 4 sub-categories: frequency of defecation, bleeding during defecation, findings of colonoscopy and physician overall assessment that ranges from 0 to 12) (12) .
The Crohn's Disease Activity Index (CDAI) was used to assess disease severity in patients with CD consisting of 8 factors of patients' symptoms during previous seven days and clinical data that are adjusted with a weighting factor and then summed. The score ranges from 0 to 600 (13) .
The disease was considered clinically active if the CDAI score was higher than 150 and Mayo Score was higher than 3 (12, 13) . All patients with UC had active disease, while only 86.7% of patients with CD had Active disease.
Inclusion and Exclusion criteria
The Inclusion criteria consisted of confirmed CD and UC by standard diagnostic tests and age >18 years. The exclusion criteria of the study were acute bowel obstruction or significant stenosis, acute infection, endoluminal tumors, acute diverticulitis, and fistula. Patients in the control group were selected if they had no sign of macroscopic and clinical colitis and if they didn't have any family history of IBD. Indication of EUS in the control group was the presence of any disorders other than IBD, such as submucosal lesions.
Procedure Method
Patients were recommended to have clear liquid dietary regimen 48 hours before the procedure and were prescribed 5mg Bisacodyl tablets (Tolid Darou, Tehran, IRAN) every 6 hours and 6-8 boxes of Polyethylene glycol (PEG) (each bag 70-gram solved in 1 liter water) until clearance of rectal output on the day before the procedure.
EUS was performed with a Pentax radial echoendoscope EPKI-7000 with Avius Hitachi ultrasound system (Japan). The thickness of mucosal, submucosal layers and total wall of the mid-sigmoid colon were measured in all cases by one endosonographist. In order to assess the reliability of EUS to assess the thickness of sigmoid wall layers, measurements were repeated in random areas for 3 different areas and mean values were used for analysis.
Statistical Analysis Reliability analysis of EUS:
For determining the reliability of EUS results, test-retest method was used for analyzing the data. All measurements were repeated 3 times in randomly selected areas of the mid-sigmoid re-3 gion. If the Pearson correlation coefficient (r) was more than 0.7 and the p-value was under 0.05, the test was considered reliable.
Overall Analysis: Descriptive statistics were reported using frequency (percentage) for categorical variable and mean ± standard deviation for continuous variable. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) of EUS in differentiating CD from UC were calculated to assess the accuracy of EUS versus standard method. The thickness of different layers of intestine was compared between UC, CD, and controls with independent sample t-test. Sensitivity and specificity and cut-off point of the thickness of different intestinal layers to differentiate CD and UC from controls and CD from UC were calculated using Roc curve analysis. The optimal cut-off point was reached via consensus between 2 analyzers and via Medcalc software. Correlation analysis was used to assess the correlation between inflammatory markers and severity index and thickness of different layers. P-value of less than 0.05 was considered statistically significant. All the statistical analyses were performed using the SPSS statistical software (v23).
Results
Overall, 26 patients were diagnosed with Ulcerative Colitis (UC), and 34 were diagnosed with Crohn's Disease (CD). Descriptive results of patients' demographics and clinical data are summarized in Table 1 .
After performing EUS on patients through blinded examination, 6 patients in the UC group were diagnosed as CD. However, the result of EUS in all patients of the CD group was consistent with the standard tests. We performed MR-Enterography on patients with a new diagnosis, which confirmed CD diagnosis in 4 patients (True Positive: 4+34, False Positive: 2, True Negative: 20, False Negative: 0).
Endoscopic Ultrasonography (EUS) showed sensitivity and specificity of 100% (90.7-100%) and 90.9% (70.8-98.8%) for differentiating CD from UC compared to the gold standard technique, respectively (Table 2) .
Reliability and accuracy of EUS in diagnosing UC and CD
According to the result of EUS and using the test-retest method, our data showed reliable results during 3 measurements of mucosal, submucosal and total wall thickness of mid-sigmoid walls.
Average Pearson correlation coefficient (r) was calculated for each layer. Mean Pearson correlation coefficient (r) was 0.73, 0.80 and 0.75 for mucosal, submucosal and total wall thickness, respectively; which showed reliable results.
Thickness of intestine layers
Mean mucosal, and total wall thickness (TWT) in UC patients were significantly greater than the controls (MT: Mean Difference (MD)= 1.2±0.1, TWT: MD= 1.37±0.2, p<0.001). However, mean sub-mucosal thickness didn't show any significant difference (ST: MD= 0.24±0.1, p=0.160).
Mean sub-mucosal and TWT in patients with CD were significantly greater than controls (ST: MD= 1.18±0.2, TWT: MD= 1.61±0.2, p<0.001). However, mean mucosal thickness didn't show any significant difference (MT: MD= 0.25±0.1, p=0.090).
Mean mucosal thickness in patients with UC was signif- 
Sensitivity and specificity of intestinal layers thickness for differentiating UC and CD
Sensitivity and specificity of mean mucosal thickness for differentiating UC form CD and controls were 92.3% and 88.6% with a cut-off point of 1.1 mm (Area Under Curve= 0.94 (95%CI= 0.88-1), p<0.001). (Table 2, Fig.  3) .
Moreover, sensitivity and specificity of mean submucosal thickness for differentiating CD from UC and controls were 100% and 86.1% with a cut-off point of 1.08 mm (Area Under Curve= 0.94 (95%CI= 0.88-1), p<0.001) ( Table 2 , Fig. 4 ).
Sensitivity and specificity of TWT for differentiating IBD from controls were 98.3% and 100% with a cut-off point of 2.75 mm. (Area Under Curve= 0.98 (95%CI= 0.96-1), p<0.001). While, the sensitivity and specificity of TWT for differentiating CD from controls were 97.1 and 100% with a cut-off point of 2.91 (AUC= 0.97 (95%CI= 0.93-1), p<0.001) and for differentiating CD from UC and control were 70.6 and 58.3% with a cut-off point of 3.46 mm (AUC= 0.72 (95%CI= 0.6-0.84), p=0.001) ( Table 2) .
Correlation between intestinal layers thickness and Disease Activity Index and inflammatory markers
TWT was significantly correlated with Mayo score in patients with UC (r=0.59, p=0.001).
Furthermore, submucosal thickness was significantly correlated with CDAI (r=0.66, p=0.001), ESR (r=0.51, p=0.002), CRP (r=0.42, p=0.010), and Calprotectin (r=0.66, p=0.001) in patients with CD. 
5
Discussion
This study presented acceptable accuracy of EUS with reliable results versus standard tests (colonoscopy, pathology, imaging, and clinical presentation) in the diagnosis of CD and UC (sensitivity: 100%, specificity: 90.9%). Moreover, the thickness of different layers of intestine could differentiate UC and CD and was significantly correlated with disease activity index and inflammatory markers.
Ultrasonography (US) has been described as a noninvasive, less costly, and efficient method that can be used for the diagnosis and follow up of patients with IBD (14) .
Trans-abdominal US has been recommended as an efficient modality for IBD screening, specially for the assessment of anatomical extension of the CD when first diagnosed (15) . A study by Hata et al. on patients with CD, UC, and controls revealed a correlation between changes in the structure of different layers of the intestine and its pattern on abdominal ultrasound with different pathologies in patients with IBD using the total wall thickness and wall stratification. However, abdominal US findings were correlated with colonoscopic or other radiographic findings and disease activity. Besides, this study reported that CD and UC can be detected by US with a sensitivity and specificity of 86% and 89%, respectively (16) .
A meta-analysis of seven studies by Fraquelli et al., showed sensitivity and specificity of 75-94% and 67-100% for US in the diagnosis of CD by assessing bowel wall thickness. However, they reported a sensitivity and specificity of 88.8% and 93% with a cut-off point of 3 mm for bowel wall thickness and sensitivity and specificity of 75% and 97% with a cut-off point of 4 mm for the diagnosis of CD (17) .
A study by Pascu et al., on 61 patients with IBD comparing transabdominal US and MRI showed an accuracy of 89% for US and 73% for MRI in identifying active IBD. In this study patients underwent clinical and laboratory assessment, as well as ileocolonoscopy, transabdominal sonography, and MRI in five days. Positive result was defined as bowel wall thickness more than 3 mm and increased Doppler signal on US or contrast enhancement of the intestinal wall on MRI. However, both imaging methods showed significant correlation with the clinical disease activity (18) .
Moreover, in a systematic review by Panes et al., on 1029 patients from 5 studies reported overall sensitivity and specificity of 85% and 98 % of US to assess CD (19) .
There are debates on the correlation between indexes of clinical activity and biomarkers with US findings (19) . Studies have shown various results regarding the correlation between the clinical activity index and inflammatory markers (CDAI And Mayo) and bowel wall thickness (19) . However, none of the studies were able to differentiate different intestinal wall layers and distinguish UC and CD especially in patients with indeterminate colitis (6) . Besides, the role of US in UC patients has been less established in studies, though, there is less evidence in studies about the correlation between wall thickness and clinical disease activity (14) .
EUS has been known as the best modality for assessing transmural changes in the bowel wall.
The type of EUS finding has been reported to be correlated with clinical severity and endoscopic grading and the extent of disease in patients with UC. Although preliminary studies using EUS to distinguish CD from UC were not a success, it was described as an efficient modality in the diagnosis of extra-intestinal findings (20) .
Our study revealed a sensitivity of 100% and specificity of 90.9% for differentiating UC and CD compared to standard tests. We found significant correlation between TWT with Mayo score in patients with UC and between submucosal thickness with CDAI, ESR, CRP, and Calprotectin in patients with CD. Similarly, Shimizu et al. found 6 a correlation between the increased thickness of intestine layers by EUS with active inflammation caused by IBD (21) . While, Hurlstone et al. reported a strong correlation between inflammatory scores and wall thickness in rectal disease and described EUS as an adjunctive method for assessment of colonic wall in UC (20) . A study by Dagli et al. showed a significant difference between TWT in patients with active or quiescent disease and controls. Transmural inflammation was reported in most CD patients while mucosal inflammation was seen in UC patients. Moreover, this study showed high accuracy of mucosal, submucosal and TWT thickness for differentiating active UC from remission and control group (11) . Furthermore, Higaki et al. found a correlation between the mucosal and submucosal thickness of rectum in patients with relapsed UC compared to healthy controls using a mini-probe EUS (22) .
Ellrichmann et al. in a study on 52 IBD patients and 61 controls reported 92.3% sensitivity for differentiating UC from CD by considering increased TWT, mucosal, submucosal thickness and presence of para-colonic lymph nodes. Besides, in this study UC patients had significant thickening of mucosa while CD patients showed significant thickening of Submucosa compared to healthy controls. Also, there was a significant correlation between TWT and inflammation scores; it was comparable to our study (6) . These results were comparable to our results that revealed the sensitivity and specificity of 98.3% and 100% with a cut-off point of 2.75 mm for TWT in differentiating IBD from controls. Additionally, the sensitivity and specificity of TWT for differentiating CD from control was 97.1 and 100% with a cut-off point of 2.91 mm and for differentiating CD from UC and control was 70.6% and 58.3% with a cut-off point of 3.46 mm. Correspondingly, the sensitivity and specificity of mean mucosal thickness for differentiating Ulcerative Colitis form Crohn's Disease and controls were 92.3% and 88.6% with a cut-off point of 1.1 mm. While sensitivity and specificity of mean submucosal thickness for differentiating Crohn's Disease from Ulcerative Colitis and controls were 100% and 86.1% with a cut-off point of 1.08 mm.
Limitation
The main limitation of our study was our small sample size with an equal number of active and quiescent disease.
Complications
Our study showed no complication during the procedure due to the use of EUS in patients with UC, CD, and Controls.
Conclusion
According to our present results, Endoscopic Ultrasonography (EUS) can be used as an efficient modality with acceptable accuracy versus standard tests to differentiate Crohn's disease and Ulcerative colitis especially when a definite diagnosis cannot be reached by histopathology, imaging and colonoscopic results, clinical presentation, and laboratory findings. Additionally, it can be used for assessing patients' response to treatment during followups with less cost and less invasiveness compared to regular colonoscopy or other radiographic devices. However, its accuracy is highly dependent on the experience level of the technician.
